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Abstract 
 
Tangential streaming current measurements were performed to investigate the surface charge 
properties and the charge formation mechanism of various NF /RO membranes. Unlike what 
is usually done in electrokinetic studies of membranes, experiments were conducted with 
degassed background solutions under a controlled atmosphere by means of nitrogen gas in 
order to get accurate electrokinetic measurements even in the basic range of pH. It was 
demonstrated that the streaming current technique implemented with these rigorous 
experimental conditions is a reliable tool to verify the presence of an additional coating on a 
commercial TFC membrane. It was also shown these electrokinetic measurements allow a 
more clear discrimination between coated and uncoated membranes than the ATR-FTIR 
technique. Moreover, experiments performed with and without a nitrogen environment 
revealed specific adsorption of bicarbonate and carbonate ions coming from the dissolution of 
carbon dioxide in the air onto the surface of RO polyamide membranes containing 
hexafluoroalcohol functional groups.   
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1. Introduction 
 
The increasing world population and the growing demand for fresh water bring to light 
limitations concerning fresh water reserves in the world. The United Nations predicts that by 
2015, five billion people (about two-thirds of the world population) will live in water-stressed 
regions with severe issues related to water shortage for human consumption, industry and 
agriculture [1, 2]. The only viable methods to increase water supply beyond what is available 
from the hydrological cycle are desalination and water reuse [3]. Membrane technology is one 
of the most widely adopted technologies in these areas [4]. Nanofiltration (NF) and reverse 
osmosis (RO) are particularly well-suited for desalination and water reclamation. RO is the 
leading desalination process used worldwide [5] and NF is considered as a separation process 
with one of the highestexpected growths in the coming years.  
Most current NF/RO membranes are thin film composite (TFC) made with three distinct 
layers, namely a polyester non-woven support layer, a polysulfone intermediate layer and a 
thin polyamide skin layer. Unfortunately, the processes and exact chemistries for producing 
commercial NF/RO membranes are proprietary, which greatly limits membrane users' 
understanding of the physical and chemical properties of these membranes [6]. Moreover, the 
surfaces of some membranes are often modified by post-treatment steps, such as the 
application of a neutral hydrophilic coating layer in order to improve membrane performances 
in terms of permeability, rejection, or fouling [1,4, 6-9]. 
Characterization of the physico-chemical properties of NF/RO membranes is crucial for 
understanding their separation performance. Membrane morphology can be studied by 
microscopy techniques such as scanning electron microscopy (SEM) [2], atomic force 
microscopy (AFM) [2] or transmission electron microscopy (TEM) [6]. Characterization 
techniques such as X-ray photoelectron spectroscopy (XPS) provide insight into the elemental 
composition (except for hydrogen) of the top surface of a membrane (the penetration depth of 
the signal is only a few nanometers) [1, 2, 4, 6, 7] while attenuated total reflection Fourier 
transform infrared spectroscopy (ATR-FTIR) provides information about the functional 
groups present from the top surface to a depth ranging from ~100 nm to a few microns [4, 6-
8]. Determining the zeta potential of membranes is also of great interest since it enables the 
characterization of the membrane material in contact with a liquid phase. For instance, 
membrane zeta potential has been used to correlate the transport of both inorganic and organic 
solutes through RO and NF membranes [10, 11]. In addition, flux performance and fouling 
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behavior of a membrane are also affected by its zeta potential [6, 12]. Zeta potential and 
electrokinetic charge density of membranes can be inferred from electrokinetic methods such 
as streaming potential and streaming current. Since these techniques permit to consider the 
compensation of the surface charge by the ions of the electrical double layer on the liquid side 
of the interface, they are particularly useful when investigating problems of practical 
relevance. However, the interpretation of experimental data is not unambiguous depending on 
both the nature and the structure of the membrane under consideration [13-18] and the 
interpretation of electrokinetic data require a thorough analysis. 
In this work, we employ the streaming current technique in tangential mode to investigate the 
electrokinetic properties of different NF/RO polyamide membranes. It is shown that 
streaming current measurements performed with an appropriate experimental protocol can 
reveal unambiguously the presence of a coating layer onto the membrane surface. Specific 
adsorption of bicarbonate and carbonate ions on the surface of thin-film composite polyamide 
membranes containing hexafluoroalcohol groups is also verified by electrokinetic 
measurements performed with and without the presence of carbon dioxide.  
 
2. Theoretical background  
 
The streaming current technique in tangential mode consists of applying a hydrostatic 
pressure gradient across a channel formed by two identical charged surfaces facing each other 
and filled with an electrolyte solution. The application of a pressure gradient forces the 
electrolyte solution to move tangentially to the charged surfaces, pulling the excess mobile 
ions within the electrical double layers and creating a streaming current. 
The streaming current through the channel (Is) is obtained by the integration of the local 
streaming current density (given by the product of local fluid velocity and local volume 
charge density) over the channel cross section, i.e. for a parallelepipedic channel: 
  2/0 )()(2 chhs dxxxvWI      (1) 
 
where W and hch are the channel width and height, respectively, v(x) is the local velocity of 
the fluid, ρ(x) the local volume charge density, and x represents the coordinate normal to the 
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solid surface(x = hch/2 at the wall). Note that the sign “minus” in Eq. (1) was set conventially 
so that the streaming current and the zeta potential have the same sign (see Eq. (2) below). 
 
In laminar flow and for a sufficiently wide channel width respect to the Debye length of the 
channel-filling solution, Eq. (1) takes the form: 
 
     
 L PWhI rchs  0      (2) 
 
where L is the channel length, ε0 is the vacuum permittivity, εr and Ș are the dielectric 
constant and the dynamic viscosity of the electrolyte solution, respectively. ∆P is the pressure 
difference between the channel ends and ζ is the zeta potential which is defined as the 
electrostatic potential in the hydrodynamic plane of shear [19]. 
 
Although Eq. (2) can be used with confidence for dense materials [20,21] it may break down 
when electrokinetic measurements are performed with ion-permeable materials such as 
macroporous membranes [15] or composite membranes with coarse-porous support layers 
[16].  
 
Indeed, Yaroshchuk and Luxbacher have recently demonstrated that, because the whole 
thickness of the membranes is exposed to the hydrodynamic flow in most experimental cells, 
a non negligible part of the streaming current is likely to flow though the porous sublayer(s) 
[15]. In other words the system behaves as an electrical circuit in parallel as illustrated in 
Fig.1 and the experimental streaming current ( totsI ) can be expressed as the sum of the current 
flowing through the channel ( chsI ) and the current flowing through the porous sublayer(s) of 
each membrane ( mbsI ): 
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where ȗsurf and ȗmb are the zeta potentials of the membrane surface and the porous body of 
membranes, respectively, and effmbh is a lump parameter defined as the effective height in which 
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the streaming current flows through a single membrane body ( effmbh  includes the membrane 
thickness as well as the porosity and the pore tortuosity). 
 
 
 
 
Fig.1: Distribution of the streaming current during tangential electrokinetic experiments with 
membranes whose porous structures are exposed to the hydrodynamic fluid flow. chsI  is the 
streaming current flowing through the channel, mbsI  the streaming current flowing through the 
porous sublayer(s) of the membrane samples, L is the sample length, and hch is the channel 
height.
 
 
 
3. Experimental
 
 
3.1. Membranes 
 
A total of 9 RO and NF membranes were characterized: 2 seawater RO membranes 
(SW30HR and i-phobe 2), 3 brackish water RO membranes (BW30LE, BW30 and ESPA4) 
and 4 NF membranes (NF270, NF90, TFC-SR2 and TFC-SR3). BW30LE, BW30, SW30HR, 
NF270 and NF90 were purchased from Dow FilmTec, TFC-SR2 and TFC-SR3 were provided 
by Koch Membrane Systems, ESPA4 from Hydranautics and i-phobe 2 was provided by IBM 
Almaden Research Center (USA).  
All membranes are thin film composite (TFC) membranes with an active layer in polyamide 
on a polysulfone intermediate layer and a polyester support layer. 
Fluid flow Fluid flow 
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Fig.2: Chemical structures of polyamide TFC membranes; [a]: commercial TFC membranes; 
[b]: bilayer i-phobe 2 membrane. 
i-phobe 2: Polyamide bilayer membrane [22] 
 
 
 
Support web (polyester) 
Polysulfone porous midlayer 
midlayer 
 
Conventional Polyamide   
HFA-polyamide top layer 
[b] 
Polyamide   
 
 
 
Support web (polyester) 
Polysulfone porous midlayer 
midlayer 
Conventional polyamide membranes 
Full aromatic polyamide 
(SW30HR, BW30LE, BW30, ESPA4, NF90) 
Semi aromatic polyamide 
(NF270, TFC-SR2, TFC-SR3) 
[a] 
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The active layers of NF270, TFC-SR2 and TFC-SR3 membranes are made of semi-aromatic 
polyamide obtained by interfacial polymerization between trimesoyl chloride (TMC) and 
piperazine. The active layers of BW30, BW30LE, ESPA4, SW30HR and NF90 membranes 
are made of a full aromatic polyamide obtained by interfacial polymerization between TMC 
and m-phenylenediamine (MPD) [4, 6, 7]. 
The i-phobe 2 membrane is a novel TFC membrane featuring a polyamide bilayer prepared on 
a porous polysulfone support using sequential interfacial polymerization (a polyamide 
membrane prepared by interfacial polymerization between trimesoyl chloride and m-
phenylenediamine monomers is subsequently immersed into an alkaline aqueous solution of 
3, 3’-bis(1-hydroxy-1-trifluoromethyl-2,2,2-trifluoroethyl)-4,4’-methylenedianiline (HFA-
MDA) to form a hexafluoroalcohol (HFA)-substituted aromatic polyamide layer on the 
surface of a conventional aromatic polyamide layer [22]). 
The chemical structures of the various polyamide TFC membranes used in this study are 
shown in Fig.2. 
Prior to characterization, the membrane samples used for both ATR-FTIR and streaming 
current experiments were immersed in a water-ethanol mixture and sonicated for 5 min in 
order to remove conservatives. The samples were further rinsed twice with deionized water 
(resistivity: 18 MΩ cm) and sonicated (2 x 2 min). 
 
3.2. Solutions 
 
An electrolyte solution (10-3 mol L-1) used in electrokinetic measurements was prepared from 
KCl (Fischer Scientific) and deionized water (resistivity: 18MΩcm). The pH was adjusted 
with 0.1 mol L-1 HCl and KOH solutions (Fisher Scientific). Ethanol (>99%; Fischer 
Scientific) was used to prepare water/alcohol mixtures used to remove membrane 
conservatives.  
 
3.3. Streaming current measurements 
 
Streaming current measurements were performed with a SurPASS electrokinetic analyzer 
(Anton Paar GmbH, Austria). All measurements were conducted with an adjustable-gap cell 
which makes possible to vary the distance between the two membrane samples with 
micrometric screws without dismounting the cell (a detailed description of the cell is available 
in the manufacturer’s manual [23]).  
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The membrane was cut and adjusted to the dimensions of the sample holders (i.e. L = 2 cm 
and W = 1 cm) and fixed using double-sided adhesive tape. To prevent any leakage between 
the membranes and the sample holders, membranes were firmly pressed against sample 
holders for 30–60 s, paying special attention to the edges exposed to the hydrodynamic flow.  
The solution flow was created by a pair of syringe pumps and streaming current was 
measured with a pair of reversible Ag/AgCl electrodes (surface area: 10 cm2).  
The streaming current was measured and recorded for increasing pressure differences up to 
300 mbar, the flow direction being changed periodically. Using electrodes with a large surface 
area and alternating the direction of solution flow limits the electrode polarization during 
measurements. 
A preliminary study based on a series of streaming current measurements performed at 
various channel heights (hch) led to the conclusion that the contribution of porous sublayers to 
the experimental streaming current could be reasonably neglected for all membranes tested in 
the present work (results not shown; see references 15 and 16 for methodological details). The 
result is most likely attributed to dense skin layers (polyamides) and a hydrophobic nature of 
porous sublayers (polysulfone), which hinder permeation of a solution through the porous 
sublayers during tangential electrokinetic measurements. Based on this preliminary result 
experimental data shown hereafter were obtained by performing electrokinetic measurements 
with a single channel height (hch) of 95  5 m to ensure laminar and fully developed flows (it 
has been recently demonstrated that electrokinetic measurements performed under 
undeveloped flow conditions can lead to misinterpretation of streaming current experimental 
data [18]). 
Since the contribution of the membrane sublayers to the streaming current is ignorable, zeta 
potential was calculated by using Eq. (2). 
All experiments were performed with 10-3 mol L-1 KCl solution at room temperature, i.e. (20 
± 2 °C) and under controlled atmosphere (unless indicated) by bubbling N2 gas into the 
beaker containing the electrolyte solution (and maintaining a nitrogen headspace) that is 
further pumped through the measuring cell. 
 
3.4. ATR-FTIR spectroscopy 
 
Streaming current measurements were complemented by ATR-FTIR spectroscopy performed 
with a Spectrum 100 Fourier transform infrared spectrometer (Perkin Elmer) equipped with a 
diamond crystal ATR element. Each spectrum was averaged from 40 scans collected from 
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650 to 4000 cm-1 at 2 cm-1 resolution. Membrane samples were dried for two days under 
vacuum before performing ATR-FTIR spectroscopy experiments. 
 
4. Results and discussion 
 
ATR-FTIR spectra of NF90, BW30, BW30LE and SW30HR membranes are shown in Fig. 3a 
for wave numbers ranging from 650 - 4000 cm-1. The four spectra are similar for wave 
numbers between 650 and ~1800 cm-1. Due to the relatively deep penetration depth of the 
signal both the polysulfone sublayer and the polyamide skin layer were probed. The bands at 
1541, 1609 and 1641 cm-1 are assignable to the fully aromatic polyamide skin layers of the 
four different membranes while bands at 1145, 1180, 1235, 1280, 1350, 1385, 1488 and 1587 
cm–1 are attributed to the polysulfone intermediate layers [7]. 
As mentioned above, the spectra are identical for wave numbers lower than 1800 cm-1, which 
confirms that the same chemical functions are present in the four membranes. Slight 
differences among thesefour membranes appear, however, for wave numbers higher than 
2600 cm-1 as shown in Fig. 3b. For both NF90 and BW30LE membranes, the overlap of the 
N-H stretching band of amide groups and that of the O-H stretching band of carboxylic acid 
functions resulting from the incomplete cross-linking of the polyamide skin layer leads to an 
additional shoulder peak at 3470 cm-1 (N-H stretching) near the wide band centered at 3300 
cm-1 (O-H stretching). On the other hand, the shoulder peak corresponding to N-H stretching 
vibration is absent in the spectra of both BW30 and SW30HR membranes. The absence of the 
shoulder peak at 3470 cm-1  was attributed by Tang et al. [6] to the presence of a coating layer 
rich in alcohol functions such as polyvinyl alcohol (PVA) resulting from a membrane post-
treatment step. Results shown in Fig. 3b therefore suggest that both BW30 and SW30HR 
membranes are coated whereas BW30LE and NF90 membranes are not. Tang et al. also 
pointed out that the additional surface coating materials results in stronger stretching 
vibrations of aliphatic C-H between 2900 and 3000 cm-1. However, in our study, there was no 
significant difference among the four membranes in the range of 2900 ~ 3000 cm-1. The shape 
of the broad band centered at 3300 cm-1 therefore appears as a more reliable indicator of the 
presence of a coating layer on a TFC membrane (note that a similar conclusion can be drawn 
from results reported by Widjaya et al. [4]). 
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Fig. 3: [a] ATR-FTIR spectra of NF90, BW30LE, BW30 and SW30HR membranes. Bands 
assignable to polyamide: 1541, 1609 and 1641 cm-1; Bands assignable to polysulfone: 1145, 
1180, 1235, 1280, 1350, 1385, 1488 and 1587 cm–1; [b] Enlargement of ATR-FTIR spectra in 
the range 2600-3800 cm-1. The arrows at 3470 cm-1 (NF90 and BW30LE membranes) indicate 
N-H stretching band of amide groups overlapped with O-H stretching band (see arrows at 
3300 cm-1).  
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Fig. 4 shows the zeta potential (determined from Eq. (2)) of NF90, BW30LE, BW30 and 
SW30HR membranes as a function of pH. The isoelectric point (i.e.p.) of NF90 and BW30LE 
membranes is around 4 and 4.5, respectively. For pH > i.e.p., the zeta potential of both 
membranes is negative due to deprotonation of the -COOH groups of the polyamide skin 
layer. The zeta potential first increases (in absolute value) sharply with pH before leveling-off 
as dissociation of carboxylic acid groups tend to be complete. Interestingly, the electrokinetic 
features of both BW30 and SW30HR membranes are different from those of NF90 and 
BW30LE membranes as shown in Fig. 4. Indeed, the leveling-off of the zeta potential 
observed for BW30 and SW30HRunder the pH higher than 6 is followed by a rather sharp 
increase (in absolute value) for pH > ~9. That is the signature of ionization of functional 
groups with very weak acid properties such as alcohols (for example, the pKa of PVA is 
reported to be about 10.6 [24]) and so results shown in Fig. 4 corroborate the conclusion 
drawn from the ATR-FTIR study (Fig. 3b).  
It can be noticed that BW30 and BW30LE membranes exhibit identical i.e.p. (4.5), which 
indicates that the fully aromatic polyamide skin layer of BW30 is not completely covered by 
the coating layer. Moreover, the presence of a very weak acid coating material such as PVA 
also justifies the less negative zeta potential of the BW30 membrane with respect to that of 
the BW30LE membrane since the coating layer is neutral except at very high pH. 
To the best of our knowledge it is the first time that the presence of coating layers onto RO 
membranes is put in evidence by means of electrokinetic measurements. It is recommended to 
conduct these experiments under controlled atmosphere (using an inert gas such as nitrogen) 
since the dissolution of carbon dioxide in the air is likely to hide the characteristic 
electrokinetic response of the ionization of very weak acid functions. Indeed, because pH 
cannot be kept constant in the basic range in the presence of carbon dioxide, it has to be re-
adjusted frequently during experiments performed at ambient air. That leads progressively to 
an increase in the electric conductivity of the electrolyte solution (compared with experiments 
performed under nitrogen environment), which in turn impacts the electrokinetic 
measurements (typically, the zeta potential decreases as the ionic concentration of the 
background solution increases). This is illustrated in Fig. 4 that shows a comparison of the 
zeta potential of the BW30 membrane obtained with and without controlled atmosphere (the 
ionization of the coating layer is much more obvious for electrokinetic measurements 
performed with a degassed background solution). Similar results were obtained with the 
SW30HR membrane (results not shown).     
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Fig. 4: pH dependence of zeta potential of NF90, BW30LE, BW30 and SW30HR 
membranes; For the BW30 membrane, measurements were also performed without controlled 
atmosphere (cross symbols). Error bars correspond to two successive measurements. 
 
 
Fig. 5 shows the pH dependence of the zeta potential of NF270, TFC-SR2 and TFC-SR3 NF 
membranes, which have semi-aromatic polyamide skin layers. According to the above 
discussion, it can be concluded that the TFC-SR2 membrane is coated by a layer containing 
very weak acid functions (such as alcohols) whereas NF270 and TFC-SR3 membranes are not 
coated. Unlike what was observed for BW30 and BW30LE membranes, TFC-SR2 and TFC-
SR3 membranes exhibit different i.e.p. (4.8 and 4.2, respectively) but rather similar zeta 
potentials. It suggests that the synthesis process of the polyamide skin layer is different for 
TFC-SR2 and TFC-SR3 membranes whereas BW30 and BW30LE seem to differ merely by 
the post-treatment of the BW30 membrane. 
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Fig. 5: pH dependent zeta potential curves of NF270, TFC-SR2 and TFC-SR3 membranes. 
Error bars correspond to two successive measurements. 
 
Table 1 shows a collection of the i.e.p. reported in literature for the different membranes 
characterized in the present work. Substantial discrepancies appear among the different 
published results and with results obtained in the present work as well. That can be partly 
attributed to the variability between different membrane samples but also to the different 
experimental protocols (electrokinetic technique [13-16], experimental conditions [18] or type 
of measuring cell [25]). It is worth noting that all data collected in Table 1 were obtained from 
tangential streaming potential measurements performed at a single channel height, and are 
therefore likely to provide less accurate zeta potential than streaming current measurements 
[15-17]. 
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Membrane i.e.p. Background electrolyte Reference 
BW30 3.5 
5 
4.2 
4 
1 mM KCl 
Not indicated 
20 mM NaCl + 1 mM NaHCO3 
10 mM KCl 
[26] 
[6] 
[27] 
[28, 29]  
BW30LE 4 
3.3 
10 mM NaCl 
1 mM NaCl 
[30] 
[31] 
SW30HR No i.e.p. 
2.7 
0.1 mM KCl 
1 mM KCl 
[32] 
[33] 
NF90 5 
4.3 
4 
10 mM NaCl 
20 mM NaCl + 1 mM NaHCO3 
10 mM KCl 
[34] 
[27] 
[28, 29] 
NF270 3.5 
No i.e.p. 
4.8 
4 
10 mM NaCl 
10 mM KCl 
10 mM KCl 
1 mM KCl 
[34] 
[28] 
[29] 
[35] 
TFC-SR2 3 
2.5 
4.25 
< 3 
20 mM NaCl + 1 mM NaHCO3 
10 mM KCl 
20 mM NaCl + 1 mM NaHCO3 
1 mM KCl 
[36] 
[28] 
[37] 
[38] 
TFC-SR3 3.84 
< 3 
20 mM NaCl + 1 mM NaHCO3 
1 mM KCl 
[37] 
[38] 
ESPA4 4.1 20 mM NaCl + 1 mM NaHCO3 [27] 
 
Table 1: Isoelectric points (i.e.p.) of various NF and RO membranes reported in the literature. 
 
 
As shown above, the streaming current technique allows a clearer discrimination between 
coated and uncoated NF/RO membranes than the ATR-FTIR technique because electrokinetic 
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measurements are sensitive to ionization of the coating layer at high pH. The interest of the 
streaming current technique is emphasized by the results shown in Figs. 6 and 7 which were 
obtained with ESPA4 and i-phobe 2 membranes. Fig. 6 shows the ATR-FTIR spectra of both 
membranes in the range of 2600-3800 cm-1. A shoulder peak at 3470 cm-1 is observed near the 
wide band centered at 3300 cm-1, which corresponds to the overlap of the stretching vibration 
bands of N-H and carboxylic groups of the polyamide layer (as observed for both NF90 and 
BW30LE membranes in Fig.3b). ATR-FTIR results therefore suggest that none of these 
membranes contains alcohol functions. Although this conclusion is supported by streaming 
current experiments for the ESPA4 membrane, electrokinetic measurements reported in Fig. 7 
clearly put in evidence the presence of alcohol functions on the surface of the i-phobe 2 
membranes (see the sharp increase in the zeta potential for pH > ~9 resulting from the 
dissociation of hexafluoroalcohol functions having a pKa around 10 [39]). 
 
 
 
Fig. 6: ATR-FTIR spectra of ESPA4 and i-phobe 2 membranes in the range 2600-3800 cm-1.  
 
 
Fig. 7 also shows the comparison between zeta potentials of the i-phobe 2 membrane inferred 
from streaming current measurements performed with and without controlled atmosphere. In 
passing, it can be noticed that most electrokinetic studies on membranes reported in the 
literature were carried out under ambient-air conditions [12, 15, 16, 18, 20, 25-33, 35-38]). To 
our knowledge only one work reports explicitly that electrokinetic measurements (streaming 
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potential) were performed with degassed background electrolyte solution [40]. It is also worth 
mentioning that with some electrokinetic devices the background electrolyte solution is 
circulated by means of pressurized nitrogen gas [11, 14, 17]. However, such systems do not 
allow removing efficiently carbon dioxide from the measuring solution since this latter must 
be reset to atmospheric pressure periodically (whenever the solution flow is reversed during 
measurements) [11, 14, 17]. As shown in Fig. 7, zeta potential values are independent of the 
experimental protocol for pH lower than ~5, i.e. in the pH range for which the amount of both 
bicarbonate and carbonate ions is negligible (pKa(H2CO3/HCO3-) = 6.35 and pKa(HCO3-
/CO32-)= 10.33). On the other hand, substantial differences between zeta potentials appear for 
higher pH, which can be attributed to the presence of HCO3- and CO32- ions resulting from the 
dissolution of carbon dioxide from the ambient air in the electrolyte solution. As mentioned 
previously, in the basic range the electric conductivity of the background solution is higher 
under ambient air conditions than under controlled atmosphere (see Fig. 8), which is expected 
to decrease the zeta potential (in absolute value) as observed in Fig. 4 for the BW30 
membrane. However, Fig. 7 shows that the zeta potential of the i-phobe 2 membrane is found 
to be more negative under ambient air conditions despite this “conductivity effect”. This 
finding suggests that HCO3- and CO32- anions adsorb substantially onto the surface of the i-
phobe 2 membrane such that the increase in the negative charge density resulting from anion 
adsorption overcompensates the effect of conductivity. It can be noted that for pH higher than 
10, the increase in the conductivity measured at ambient air is so high (see Fig. 8) that the 
effect of conductivity becomes more important than that of anion adsorption and so the zeta 
potential decreases (in absolute value) as shown in Fig. 7. It is worth mentioning that specific 
adsorption of bicarbonate and carbonate ions has also been observed on the surface of metal 
oxide nanoparticles in the earlier literature [41]. 
Finally, since conductivity and adsorption of anions coming from the dissolution of carbon 
dioxide have opposite effects on the zeta potential, it should be stressed that results shown in 
Fig. 4 do not allow to conclude about the possible adsorption of bicarbonate and/or carbonate 
ions onto the BW30 membrane (for instance, adsorption might occur but the impact on the 
zeta potential might be “hidden” by a dominant conductivity effect).  
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Fig. 7: pH dependent zeta potential curves of ESPA4 and i-phobe 2 measured under N2 
atmosphere. For i-phobe 2 membrane, measurements were also performed without controlled 
atmosphere (square symbols). Error bars correspond to two successive measurements. 
 
Fig. 8: Variation of the electric conductivity  of the electrolyte solution (scaled to the electric 
conductivity of the initial KCl solution (ini), i.e. before any pH adjustment) as a function of 
pH for experiments performed with and without controlled atmosphere. Error bars correspond 
to two successive measurements. 
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5. Conclusion 
 
Characterization of the electrical surface properties of NF/RO membranes through the 
determination of their zeta potential is essential to understand the separation performance of 
these materials. In this work, we performed streaming current measurements in tangential 
mode with a variety of NF and RO membranes by applying an experimental protocol 
requiring degassed background solutions and a nitrogen inert environment. It was shown for 
the first time that the streaming current technique enables to highlight the presence of coating 
layers onto NF/RO membranes. It was also shown that the streaming current technique allows 
a more clear discrimination between coated and uncoated NF/RO membranes than the ATR-
FTIR technique because streaming current measurements are sensitive to the ionization of the 
functional groups carried by the coating layer. Performing electrokinetic measurements under 
a controlled atmosphere such as a nitrogen environment was shown to be important for pH > 
~5 since the pH drop resulting from the dissolution of carbon dioxide in the air requires to 
readjust the pH frequently, resulting in an increase in the electric conductivity of the 
background solution which in turn impacts the electrokinetic measurements. Moreover, 
experiments performed with and without the presence of carbon dioxide revealed specific 
adsorption of bicarbonate and carbonate ions onto the surface of RO polyamide membranes 
containing hexafluoroalcohol functional groups. 
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